et al., 2000). However, Lander et al. (2002) proposed on
gradient coincides well with its activity gradient. We theoretical grounds that diffusive mechanisms of Dpp further demonstrate that a blockage of endocytosis by morphogen transport are much more plausible than nonthe dynamin mutant shibire (shi) does not block Dpp diffusive ones. They argued that a defect in endocytosis movement but rather inhibits Dpp signaling, suggesting could lead to excess receptor on the cell surface and that Dynamin-mediated endocytosis is not required for thus prevent Dpp diffusion by trapping the ligand on Dpp movement. Finally, we show that extracellular Dpp these receptors (Lander et al., 2002) . Therefore, the molecules fail to move across dally-dly double mutant mechanism(s) by which Dpp forms a concentration gracells. These findings led us to propose that Dpp moves dient is still unresolved. Does Dpp move across cells along the cell surface by restricted diffusion involving through endocytosis or diffusion? Further work is necesthe HSPGs Dally and Dly. sary to fully understand Dpp morphogen gradient formation.
Results
One class of cell surface molecules that may regulate Dpp distribution is the heparan sulfate proteoglycans
The . In particular, we observed dally homozygous larvae (Fujise et al., 2003 . Gal4 activity in Drosophila is thermosensitive and is very low mutant clones were generated by the FLP-FRT method (Golic, 1991; Xu and Rubin, 1993), allowed to grow at at 16ЊC (Brand and Perrimon, 1993) . Both UAS-GFPDpp and UAS-dynamin were expressed under control the permissive temperature (18ЊC), and then shifted to 34ЊC for 5 hr to inactivate Shibire as described preof dpp Gal4 in animals homozygous for shi , 1999, 2000) . p-MAD levels were reduced in movement. sfl mutant clones (Figures 5A-5C shown in their paper. In contrast, the extracellular staining protocol allowed us to specifically visualize the distribution pattern of the extracelluar GFP-Dpp without deExtracellular Dpp Fails to Move across sfl or dally-dly Mutant Cells tecting intracellular GFP-Dpp. Second, we have noticed that, in the conventional staining protocol, the extracelTo further examine the role of HSPGs in Dpp movement, we analyzed the extracellular Dpp gradient in discs bearlular GFP-Dpp can be easily washed away by extensive washing steps. We suspect that, under their condition ing sfl or dally-dly mutant clones. Extracellular GFP-Dpp levels were significantly reduced in sfl (Figures 6A-6C″) in which the conventional staining protocol was used, the majority of extracellular GFP-Dpp may have been or dally-dly (Figures 6D-6F″ ) mutant clones. Importantly, extracellular Dpp levels were also reduced in wild-type lost. However, in our extracellular staining protocol, wing discs are incubated with anti-GFP antibody first, and cells behind the sfl (Figures 6AЈ, 6BЈ , and 6CЈ; shown by white arrows) or dally-dly ( Figures 6DЈ, 6EЈ, and 6FЈ; then the extracellular GFP-Dpp bound by anti-GFP antibody is fixed. Thus, we are able to detect majority of shown by white arrows) mutant cells. This effect was not weakened even when mutant clones are only a few extracellular GFP-Dpp. Despite these differences, both studies have found some similar results, for example, cells wide ( Figures 6AЈ, 6BЈ , and 6FЈ), demonstrating that Dpp molecules failed to pass across few sfl or dallythe faster drop off of Dpp gradient in the P compartment compared to the A compartment. dly mutant cells. Consistent with this, we also observed slightly accumulated extracellular GFP-Dpp in front of
Mutant Cells The Dpp activity gradient visualized by p-MAD staining is shown in a wild-type wing disc (A). p-MAD levels are symmetrically distributed in the dorsal and ventral compartments (A). The wing discs carrying shi ts1 mutant clones were stained by p-MAD and ␤-gal antibodies. P-MAD staining alone is shown in (B), (C), (D), and (E). Merges of p-MAD staining (red) with ␤-gal staining (green) were shown in (BЈ), (CЈ), (DЈ), and (EЈ)
The observation of broadly distributed extracellular The wing discs from shi ts1 homozygous mutants expressing both UAS-GFP-Dpp and UAS-Shi under control of dpp Gal4 at 16ЊC (E-E″) or being shifted to 32ЊC for 3 hr (F-F″). At 16ЊC, GFP-Dpp expression was very low (E). In this condition, the extracellular GFP-Dpp levels (EЈ) were very low and were mainly distributed around cells close to dpp-expressing cells at the A-P boundary (EЈ, E″). However, after being shifted to 32ЊC for 3 hr, GFP-Dpp expression was enhanced (F). The extracellular GFP-Dpp molecules were broadly distributed in both the anterior and posterior compartments (FЈ). Levels of extracellular GFP-Dpp were enhanced in both the anterior and the posterior compartments. Importantly, the extracellular GFP-Dpp levels were even slightly higher in the anterior and posterior Dpp-receiving cells than those in Dpp-expressing cells. Identical extracellular staining procedure and confocal settings were used to examine the levels of the extracellular GFP-Dpp shown in (E), (EЈ), and (E″) and in (F), (FЈ), and (F″). (Entchev et al., 2000) . Rab5 localizes in early endosomes in front of sfl or dally-dly mutant cells. Consistent with this view, we noticed that, within sfl or dally-dly mutant and is required for endosome fusion (Seto et al., 2002) . Taken together, we propose that dynamin-mediated enclones, the first row of the mutant cells immediately adjacent to wild-type cells and facing Dpp-expressing docytosis is not directly involved in Dpp movement but is essential for Dpp signaling. Furthermore, Dynamin-medicells was still capable of transducing Dpp signaling (Figures 5A-5E ). ated endocytosis can downregulate extracellular Dpp levels, thereby shaping the Dpp morphogen gradient.
In 
